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SPECIFICATION 



LIQUID POLYETHERCARBONATEDIOL COMPOUND AND 
THERMOPLASTIC POLYURETHANE OBTAINED THEREFROM 



TECHNICAL FIELD 

[0001] The present invention relates to a liquid polyethercarbonatediol compound and 
thermoplastic polyurethane obtained therefrom. The liquid polyethercarbonatediol compound of 
the present invention is usable as a component material for polyurethanes and polyesters and as a 
polymer modifier or polymer plasticizer. Also, the thermoplastic polyurethane of the present 
invention is usable as a component material for thermoplastic elastomers, elastic fibers and 
artificial leathers. 

BACKGROUND ART 

[0002] Polyols usable as component materials for producing polyurethane resins and 
polyester resins are heretofore usually selected from polyetherdiols and polyesterdiols. 
Currently, however, it is known that polycarbonatediols are useful as materials for resins having 
excellent heat resistance, hydrolysis resistance and weathering resistance and, thus, have drawn 
industrial attention. Also, it is known that the polycarbonate resins have high stiffness and low 
elongation and thus the polycarbonate resins exhibit an insufficient flexibility in comparison to 
that of the conventional resins, particularly polyether resins. Also, the conventional 
polycarbonate resins have a problem that the glass transition temperature thereof is too high and 
the low temperature characteristics thereof are insufficient. To solve the above-mentioned 



problems, it is proposed to utilize, as a polyol, a polycarbonate diol having an ether group 
introduced into the molecule of the polyol, namely, a polyethercarbonatediol. 
[0003] The diol component of the polyethercarbonatediol includes, for example, mixed diols 
comprising a diol compound comprising, as a component, a polycarbonate chain (particularly 
1,6-hexanediol-polycarbonateglycol) with a compound having a ethyleneoxide structures; or a 
polymeric diol compound (Patent Reference 1), for example, a block copolymer comprising, in a 
molecule thereof, as principal components, polycarbonate chains and ethylene oxide structural 
units; and polyetherdiol compounds produced by etherifying 1 ,6-heanediol (Patent Reference 2) 
or a mixture of a polyethylpolyol (for example, diethylene glycol, triethylene glycol, 
tetraethylene glycol, tripropylene glycol, polypropylene glycol or polytetramethylene glycol) 
with a polyhydric alcohol (for example, ethylene glycol, 1 ,2-propanediol, 1,3-butanediol, or 1,6- 
hexanediol (Patent Reference 3). 

[0004] The polyethercarbonatediol compound obtained from the above-mentioned 
polyetherdiols has an undesirable property such that the compound is gradually hardened at room 
temperature or that the component is a high viscous liquid having a high viscosity, and is 
difficult to handle. Further, as the above-mentioned polyetherdiol compound has a glass 
transition temperature which is not sufficiently low, the flexibility and/or the low temperature 
characteristics of the resultant resin are not satisfactory. 

[0005] Also, Patent Reference 4 discloses that, as a diol component for the 
polyethercarbonatediol, diol compounds produced by a reaction of 1 ,6-hexanediol with 
ethyleneoxide and/or 1 ,2-polypyleneoxide can be used. The polyethercarbonatediol produced 
from the above-mentioned diol compounds is a low viscosity liquid which can be easily handled, 
and the resultant polyurethane resin comprising, as a diol component, the above-mentioned 
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polyethercarbonate diol exhibits good low temperature characteristics. However, the 

thermoplastic polyetherpolymethanes produced from the polyetherdiols exhibit an ultimate 

elongation which is not always high enough to the requirements of practical use. 

[Patent Reference 1 ] JP-59-66577-A 

[Patent Reference 2] JP-63-305127-A 

[Patent Reference 3] JP-2-255822-A 

[Patent Reference 4] JP-2002-256069-A 

DISCLOSURE OF INVENTION 

[0006] An object of the present invention is to solve the above-mentioned problems of the 
prior art and to provide a liquid polyethercarbonatediol compound having a low viscosity, easy 
handling, a low glass transition temperature, a high elongation, an excellent low temperature 
characteristics and a high flexibility and being useful as a material for thermoplastic 
polyurethane resin, and a thermoplastic polyurethane produced from the above-mentioned diol 
compound. 

[0007] The object of the present invention is attained by the liquid polyethercarbonatediol 
compound and the thermoplastic polyurethane produced from the diol compound of the present 
invention. 

[0008] The liquid polyethercarbonatediol compound of the present invention comprises a 
reaction product of 

( 1 ) a carbonate ester compound, 

with 
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(2) a polyetherdiol compound comprising (A) at least one type of structural units 
represented by the formula (a): 

-RO- (a) 
in which formula (a), R represents a member selected from unsubstituted linear alkylene groups 
having 3 to 5 carbon atoms and substituted alkylene groups each constituted from a linear 
alkylene backbone chain having 3 to 5 carbon atoms and at least one alkyl side chain attached to 
the backbone chain and having 1 to 4 carbon atoms, and (B) at least one type of structural units 
selected from those represented by the formulae (b) and (c): 

-(CH 2 ) 2 -0- (b) 

and 

-CH 2 CH(CH 3 )-0- (c), 
wherein an average molar number n of the structural units of the formula (b) and an average 
molar number of m of the structural units of the formula (c) each per mole of the structural units 
of the formula (a) contained in the polyetherdiol compound (2) are, respectively and 
independently from each other, a positive number satisfying the requirements: 

0<n<5 

and 

0<m<5, 

and the sum (n + m) of the average molar numbers n and m of the structural units of the formulae 
(b) and (c) is a positive number satisfying the requirement: 
K(n + m)<5. 
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[0009] In the liquid polyethercarbonatediol compound of the present invention, in the 
polyetherdiol compound (2), the average molar number m of the structural units of the formula 
(c) per mole of the structural units of the formula (a) is preferably zero. 

[0010] In the liquid polyethercarbonatediol compound of the present invention, the 
polyetherdiol compound (2) is preferably selected from addition reaction products of (i) at least 
one member selected from unsubstituted and substituted 1,3 -propanediol, unsubstituted and 
substituted 1,4-butanediols, and unsubstituted and substituted 1,5-pentanediols, each of which 
substituted compounds has at least one alkyl group having 1 to 4 carbon atoms and attached to 
the alkylene group of the substituted compound, with (ii) at least one member selected from 
ethyleneoxide and propyleneoxide. 

[0011] In the liquid polyethercarbonatediol compound of the present invention, the 
polyetherdiol compound (2) preferably has a number average molecular weight of 100 to 500. 
[0012] The liquid polyestercarbonatediol compound of the present invention preferably has a 
number average molecular weight in the range of from 400 to 5000. 

[0013] In the liquid polyethercarbonatediol compound of the present invention, the carbonate 
ester compound (1) is preferably selected from dialkyl carbonates, diary carbonates, alkylene 
carbonates and alkylaryl carbonates. 

[0014] The thermoplastic polyurethane of the present invention comprises an addition 
reaction product of a diol component comprising at least one liquid polyethercarbonatediol 
compound of the present invention, with a polyisocyanate compound component comprising at 
least one polyisocyanate compound and with a chain extender. 

[0015] In the thermoplastic polyurethane of the present invention, the polyisocyanate 
compound is preferably selected from 1,3-trimethylenediisocyanate, 1 ,4-tetramethylene- 
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diisocyanate, 1,6-hexamethylenediisocyanate, 2,2,4-trimethylhexamethylenediisocyanate, 2,4,4- 
trimethylhexamethylenediisocyanate, 1 ,9-nonamethylenediisocyanate, 1 , 1 O-decamethylenedi- 
isocyanate, 1 ,4-cyclohexanediisocyanate, isophoronediisocyanate, 4,4 ! -dicyclohexylmethane- 
diisocyanate, 2,2 f -diethyletherdiisocyanate, hydrogenated xylenediisocyanate, hexamethylenedi- 
isocyanate-biuret compound, p-phenylenediisocyanate, tolylenediisocyanate, xylylenedi- 
isocyanate, 4,4-diphenyldiisocyanate, 1,5-naphthalenediisocyanate, 4,4 ! -diphenylmethanedi- 
isocyanate, 3,3 f -methyleneditolylene-4,4-diisocyanate, tolylenediisocyanate-trimethyllol propane 
aduct, triphenylmethanetriisocyanate, 4,4 ! -diphenyletherdiisocyanate, tetrachlorophenylenedi- 
isocyanate, S^'-dichloro^^'-diphenylmethane-diisocyanate, and triisocyanatephenylthiophos- 
phate. 

[0016] In the thermoplastic polyurethane of the present invention, the chain extender 
preferably comprises at least one member selected from ethyleneglycol, 1 ,2-propyleneglycol, 
1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,8-octanediol, 1,9-nonanediol, 
1,10-decanediol, neopentyl glycol, 3-methyl- 1,5-pentanediol, 3,3-dimethylolheptane, 1,4- 
cyclohexanediol, 1,4-cyclohexanedimethanol, 1 ,4-dihydroxyethylcyclohexane, ethylenediamine, 
1,2-propylene-diamine, 1 ,6-hexamethylenediamine, isophoronediamine, bis(4-aminocyclohexyl) 
methane, piperazine, metha-or para-xylylenediamine, 2-ethanolamine, N-methyldiethanolamine, 
N-phenyldipropanolamine, hydroxyethylsulfamide, hydroxyethylaminoethylsulfamide, urea and 
water. 

[0017] In the present invention, the term "liquid polyethercarbonatediol compound" includes 
a group of polyethercarbonatediol compounds which are in the state of a liquid and exhibit a 
fluidity at room temperature, namely from about 5°C to about 30°C. 
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[0018] The present invention enables the liquid polyethercarbonatediol compound and 
thermoplastic polyurethane in which the polyethercarbonatediol compound is contained as a diol 
component, which can solve the problems of the prior art, to be provided. Namely, the liquid 
polyethercarbonatediol compound of the present invention has a low viscosity and can be easily 
handled, and by utilizing the diol compound as a diol component, thermoplastic polyurethanes 
having excellent low temperature characteristics, flexibility and stretchability (elongation and 
deformation recovery can be provided. The thermoplastic polyurethane of the present invention 
has the above-mentioned excellent properties and further excellent heat resistance, hydrolysis 
resistance and weather resistance, and thus is well balanced in the above-mentioned properties, 
and thus is useful as materials for thermoplastic elastomers, elastic fibers, and artificial leathers. 



BEST MODE OF CARRYING OUT THE INVENTION 

[0019] The liquid polyethercarbonatediol compound of the present invention comprises a 
reaction product of a carbonate ester compound (1) with a polyetherdiol compound (2). 
[0020] The polyetherdiol compound (2) comprises: 

(A) at least one type of structural units represented by the formula (a): 
-RO- (a) 

in which formula (a), R represents a member selected from unsubstituted linear alkylene groups 
having 3 to 5 carbon atoms and substituted alkylene groups each constituted from a linear 
alkylene backbone chain having 3 to 5 carbon atoms and at least one, preferably one or two alkyl 
side chains attached to the backbone chain and each having 1 to 4 carbon atoms, and 

(B) at least one type of structural units selected from those represented by the 
formulae (b) and (c): 
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-(CH 2 ) 2 -0- (b) 

and 

-CH 2 CH(CH 3 )-0- (c), 
wherein an average molar number n of the structural units of the formula (b) and an average 
molar number of m of the structural units of the formula (c) each per mole of the structural units 
of the formula (a) contained in the polyetherdiol compound (2) are, respectively and 
independently from each other, a positive number satisfying the requirements: 

0 < n < 5, preferably 1 < n < 3 

and 

0 < m < 5, preferably 1 < m < 3 
and the sum (n + m) of the average molar numbers n and m of the structural units of the formulae 
(b) and (c) is a positive number satisfying the requirement: 

1< (n + m) < 5, preferably 1 < (n + m) < 3 
[0021] The polyetherdiol compound usable for the production of the liquid 
polyethercarbonatediol compound of the present invention may comprise the structural units (A) 
represented by the formula (a) and the structural units (B) consisting of only the structural units 
represented by the formula (b), and the content (average molar number m) of the structural units 
(C) represented by the formula (c) per mole of the structural units (A) represented by the formula 
(a) may be zero. In this case, in the formula (a) representing the structural units (A), R 
represents an unsubstituted linear alkylene backbone group having 3 to 5 carbon atoms or a 
substituted alkylene group constituted from a linear alkylene backbone group having 3 to 5 
carbon atoms and at least one, preferably 1 or 2 alkyl side chains attached to the backbone chain 
and having 1 to 4 carbon atoms; and the average molar number n of the structural units 
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represented by the formula (b) per mole of the structural units represented by the formula (a) 
contained in the polyetherdiol compound (2) satisfies the requirement: 



[0022] The structural units represented by the formula (a) for constituting the structural units 
(A) will be represented by structural unit (a), and the structural units represented by the formulae 
(b) and (c) for constituting the structural units (B) will be represented by structural units (b) and 
structural units (c), respectively, hereinafter. 

[0023] In the polyethercarbonatediol compound of the present invention, the unsubstituted 
alkylene group represented by R in the formula (a) and having 3 to 5 carbon atoms includes 
propylene group (trimethylene group), butylene group (tetramethylene group), and pentylene 
group (pentamethylene group), and the alkyl group contained, as a substituent group, in the 
substituted alkylene group and having 1 to 4 carbon atoms is selected from methyl, ethyl, propyl, 
isopropyl, butyl and isobutyl groups. 

[0024] The polyetherdiol compounds usable for the production of the liquid polyether- 
carbonatediol compound of the present invention, for example, those comprising the structural 
units (a) and the structural units (b) and/or (c), includes the compounds represented by the 
general formulae (i) to (vii). Also, the compounds comprising the structural units (a) and the 
structural units (b) and/or (c) include those comprising the structural units (b) and (c) located in 
the structural units (b) or (c) in the above-mentioned general formulae (i) to (vii). 



1< n < 5, preferably 1< n < 3. 



HO-(b)n-(a)-(c) m -OH 



(i) 



HO-(b) nl -(a)-(b) n2 -OH 



(ii) 



HO-Cc^-CaMcWOH 



(iii) 



HO-(a)-(b) n -(c) m -OH 



(iv) 
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HO-(a)-(c) m -(b) n -OH 



(v) 



HO-(a)-(b) n -OH 



(vi) 



HO-(a)-(c) m -OH 



(vii) 



[0025] In the general formulae, (a), (b) and (c) respectively represent the structural units 
represented by the formulae (a), (b) and (c), n and m are defined the same as above, nl, n2, ml 
and m2 represent a positive numeral satisfying the requirements: n = nl + n2 and m = ml + m2. 
[0026] The polyetherdiol compound is preferably selected from addition reaction products 
produced by addition reaction of at least one alkylene diol selected from, for example, 1,3- 
propane diol, 1,4-butane diol, 1,5-pentane diol, and substituted diols consisting of substitution 
reaction product of the above-mentioned alkylenediols with an alkyl group having 1 to 4 carbon 
atoms and attached to the alkylene group of the alkylene diols, with ethylene oxide and/or 
propylene oxide. This production method is disclosed in, for example, Japanese Unexamined 
Patent Publication No. 10-36499 and No. 10-204171. 

[0027] The polyetherdiol compound usable for the present invention may be produced by a 
method in which a reactor is charged with at least one type of the above-mentioned diol 
compound and a catalyst comprising a basis alkali metal compound (preferably an alkali metal 
hydroxide, etc.); while ethylene oxide and/or propylene oxide is continuously fed into the 
reactor, the diol compounds and the alkylene compounds are reacted at a temperature of 80 to 
150°C under a pressure of 49 to 490 kPa (0.5 to 5 kg/cm 2 ), until the molecular weight of the 
reaction product reaches a desired level corresponding to the desired n and m values; and the 
reaction product is subjected to after treatments, for example, neutralization, dehydration, drying 
and filtration. The after treatments may consist of water-rinsing and drying only, and the after 
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treatments may be carried out in combination with absorption and/or distillation treatment for 
removal of the catalyst. 

[0028) The alkylene diol for the production of the polyethercarbonatediol compound of the 
present invention may be employed in combination with at least one member selected from 
unsubstituted alkylene diol comprising 6 or more, preferably 6 to 12 carbon atoms and substi- 
tuted alkylene diols containing an alkyl substituent group having carbon atoms in the same num- 
ber as that mentioned above and attached to the alkylene backbone chain of the alkylene diol. 
[0029] The amount of the alkylene diol for the combination use together with the alkylene 
diol compound for the production of the polyetherdiol compound for the present invention, is 
preferably 50 molar% or less of the alkylene diol compound. 

[0030] The alkylenediols for the combination use include aliphatic diols, for example, 1,6- 
hexanediol, 1,7-heptanediol, 1,8-octanediol, 1,9-nonanediol, 1,10-decanediol, 1,12-dodecanediol, 
2-methyl- 1 ,8-octanediol, 1 ,4-cyclohexanedimethanol. 

[0031] The polyetherdiol compound usable for the present invention preferably has a number 
average molecular weight of 100 to 500, more preferably 120 to 400. 

[0032] In the above-mentioned polyetherdiol compounds usable for the present invention, 
those (for example, represented by the general formulae (ii) or (vi)) comprising the structural 
units (a) and the structural units (b) but not the structural units (c), namely, satisfying m = 0, and 
1 < n < 5, are preferably employed. Namely, the preferably polyetherdiol compounds for the 
present invention are those having the structural units (a) and the structural (b) but not the 
structural units (c), namely, m = 0 and 1 < n < 5; represented by the general formulae (ii) or (vi); 
and having a number molecular weight of 100 to 500, more preferably 120 to 400. 
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[0033] In the polyetherdiol compounds usable for the present invention, those having the 
structural units in which R preferably represents a straight alkylene chain having carbon atoms of 
3 to 5 and free from subsistents, more preferably a trimethylene group, are particularly preferred. 
[0034] The carbonate esters compound (1) usable for the present invention include aliphatic, 
aromatic and aromatic group-containing aliphatic carbonate esters, for example, dialkyl 
carbonates, diaryl carbonates, alkylene carbonates. The aliphatic carbonates may be cycloali- 
phatic carbonates. Practically preferable carbonate esters are, for example, dimethyl carbonate, 
diethyl carbonte, di-n-butyls carbonate, diisobutyl carbonate, diphenyl carbonate, methylphenyl 
carbonate, ethylene carbonate, propylenecarbonate. 

[0035] The reaction of the polyetherdiol compound (2) with the carbonate ester compound 
(1) may be carried out in accordance with the conventional method for producing a 
polycarbonatediol. Namely, the liquid polyethercarbonatediol compound of the present inven- 
tion can be produced by subjecting the polyetherdiol compound (1) and the carbonate ester 
compound (2) to a transesterification reaction in the presence of a transesterification catalyst 
while a by-product, namely an aliphatic or aromatic alcohol, is continuously withdrawn to the 
outside of the reaction system. 

[0036] In this reaction procedure, there is no specific limitation to the amount of the 
polyetherdiol compound as long as the target compound can be produced. Preferably, the poly- 
etherdiol compound is used in a molar amount of 0.8 to 3.0 times, more preferably 0.9 to 1.5 
times, the molar amount of the carbonate ester compound, to cause almost all of both the ter- 
minals of the molecular backbone chains of the resultant liquid polyethercarbonatediol com- 
pounds to be occupied by hydroxyl groups. Also, the transesterification catalyst is preferably 
used in an amount of 1 to 5000 ppm, more preferably 10 to 1000 ppm, based on the mass of the 
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polyetherdiol compound. The carbonate ester compound may be used alone or in a mixture of 
two or more compounds. 

[0037] There is no specific limitation to the conditions of the above-mentioned transesteri- 
fication reaction, as long the target compound can be produced. For example, for the purpose of 
producing the target compound at a high efficiency, the transesterification reaction is preferably 
carried out at a temperature of 1 10 to 200°C under the ambient atmospheric pressure for about 1 
to 24 hours, then at a temperature of 110 to 240°C (particularly preferably 140 to 240°C) under 
the ambient atmospheric pressure for about 1 to 20 hours, thereafter at the same temperature as 
that in the intermediate stage, while gradually increasing the vacuum degree to a final target 
reduced pressure of 266.6 kPa (20 mHg) or less, for about 0.1 to 20 hours. To withdraw the by- 
product consisting of alcohol, the reaction is preferably provided with a distillation column. 
Also, the transesterification reaction may be carried out while a non-reactive gas, for example, 
nitrogen, helium and argon, flows through the reaction system. 

[0038] There is no limitation to the type of the above-mentioned transesterification catalyst 
as long as it is a catalyst compound effective for the transesterification reaction. 
[0039] The transesterification catalyst may be one comprising at least one member selected 
from, for example, titanium compounds such as titanium tetrachloride and tetra alkoxytitaniums 
(for example, tetra-n-butoxytitanium, tetraisopropoxytitanium, etc.), metallic tin and tin com- 
pounds such as tin hydroxide, tin chloride, dibutyltin dilaurate, dibutyltin oxide and butyltin- 
tris(2-ethyl-hexanoate). Among them, tetraalkoxytitaniums (for example, tetra-n-butoxytitan- 
ium, tetraisopropoxytitanium, etc.), dilutyltin dilaurate, dibutyltin oxide, butyltin-tris(2- 
ethylhexanoate) are preferably employed. Further among them, tetraalkoxy-titaniums (tetra-n- 
butoxytitanium and tetraisopropoxytitanium) are more preferably employed. 
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[0040] The liquid polyethercarbonatediol compound of the present invention preferably has a 
number average molecular weight in the range of from 400 to 5000, more preferably from 500 to 
3000. Accordingly, the molecular weight of the liquid polyethercarbonatediol compound is 
preferably controlled by a conventional method, for example, in the case where the hydroxyl 
value (namely the molecular weight) of the reaction product falls outside of the target range, 
namely, the number average molecular weight of the reaction product is less than 400, the 
polyetherdiol compound is further reacted while distilling the polyetherdiol compound under 
reduced pressure; and in the case where the number average molecular weight of the resultant 
product is more than 5,000, an additional amount of the polyetherdiol compound is added to the 
reaction system and further transesterification-reacted. Also, if necessary, after the molecular 
weight is adjusted, the residual transesterification catalyst in the resultant liquid 
polyethercarbonatediol compound is preferably deactivated with a phosphorus compound (for 
example, phosphoric acid, butyl phosphorate or dibutyl phosphorate). The liquid 
polyethercarbonatediol compound of the present invention can be obtained by the above- 
mentioned procedures. 

[0041] In the production of the liquid polyethercarbonatediol compound of the present 
invention, particularly preferably, a polyetherdiol compound comprising by the structural units 
(a) and the structural units (b) but not the structural units (c), namely, m = 0 and 1 < n < 5, is 
reacted with a carbonate ester compound. 

[0042] Further preferably, the structural units (a) in which R represents a straight alkylene 
chain group are preferred, more preferably, R represents a trimethylene group. Namely, in the 
reaction for the present invention, preferably the diol component comprising a polyetherdiol 
compound having the structural units (a) in which R represents a trimethylene group) and the 
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structural units (b) but not the structural units (c) and having m = 0, 1 < n < 5, is reacted with a 
carbonate ester component to produce a liquid polyethercarbonatediol compound having, 
preferably, a number average molecular weight of 400 to 5,000, more preferably 500 to 3,000. 
In this case, the polyether diol compound having the above-mentioned appropriate number 
average molecular weight of 100 to 500 is preferably employed. 

[0043] The thermoplastic polyurethane of the present invention is produced by subjecting a 
diol component which comprises at least one type of liquid polyethercarbonatediol compound of 
the present invention, at least one type of polyisocyanate compound and a chain-extender to a 
reaction and, namely, to a polyurethane-producing reaction. 

[0044] The polyisocyanate compound usable for the present invention can be selected from 
various polyisocyanates, for example, aliphatic (including cycloaliphatic) and aromatic diiso- 
cyanates. The aliphatic diisocyanates are preferably selected from, for example, 1,3-trimeth- 
ylenediisocyanate, 1 ,4-tetramethylenediisocyanate, 1 ,6-hexamethylenediisocyanate, 2,2,4- 
trimethylhexamthylenediisocyanate, 2,4,4-trimethylhexamthylenediisocyanate, 1-9-novameth- 
ylenediisocyanate, 1,10-decamethylenediisocyanate, 1,4-cyclohexanediisocyanate, isophoronedi- 
isocyanate, 4,4-dicyclohexylmethanediisocyanate, 2,2'-diethyletherdiisocyanate, hydrogenated 
xylylenediisocyanae and hexamethylenediisocyanate-biuret compound. 

[0045] The aromatic diisocyanate is preferably selected from, for example, p-phenylene- 
diisocyanate, tolylenediisocyanate, xylylenediisocyanate, 4,4 ! -diphenyldiisocyanate, 1 ,5- 
naphthalenediisocyante, 4,4 f -diphenylmethanediisocyanate (MDI), 3,3'-methyleneditolylene-4,4 f - 
diisocyanate, tolylenediisocyanatetrimethylolpropane aduct, 4,4 f -diphenyltriphenylmethane- 
triisocyanate, 4,4'-diphenyletherdiisocyanate, tetrachlorophenylenediisocyanate, 3,3 f -dichloro- 
4,4-diphenylmethanediisocyanate, and triisocyanatophenyl thiophosphate. Further, triphenyl- 
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methanetriisocyanate and triisocyanatophenyl thiophosphate can be used as a polyisocyanate 
compound for the present invention. 

[0046] Among the above-mentioned polyisocyanate compounds, 4,4'-diphenylmethane- 
diisocyanate, 1,6-hexamethylenediisocyanate and isophoranediisocyanate are preferably 
employed and particularly 4,4 f -diphenylmethanediisocyanate is more preferably employed. The 
polyisocyanate compounds as mentioned above may be employed alone or in a mixture of two or 
more thereof. 

[0047] The chain extender usable for the polyurethane of the present invention preferably 
comprises a low molecular weight compound having at least two hydrogen atoms capable of 
reacting with the isocyanate group. As a compound usable for the chain extender, a polyol and a 
polyamine are preferably employed. The chain extender includes aliphatic diols (including 
cycloaliphatic diols), for example, ethyleneglycol, 1,2-propyleneglycol, 1,3-butanediol, 1,4- 
butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,8-octanediol, 1,9-nonanediol, 1,10-decanediol, 
neopentylglycol, 3-methyl-l,5-pentanediol, 3,3-dimethylolheptane, 1 ,4-cyclohexanediol, 1,4- 
cyclohexanedimethanol, and 1,4-dihydroxyethylcyclohexane; aliphatic and aromatic diamines, 
for example, ethylenediamine, 1 ,2-propylenediamine, 1,6-hexamethylenediamine, isophorone- 
diamine, bis(4-aminocyclohexyl)methane, piperazine and meta(or para)-xylylenediamine; 
aliphatic or aromatic aminoalcohols, for example, 2-ethanolamine, N-methyldiethanolamine, and 
N-phenyldipropanolamine; hydroxyalkylsulfamides, for example, hydroxyethylsulfamide and 
hydroxyethylaminoethylsulfamide; and urea and water. Among the above-mentioned com- 
pounds for the chain extender, 1,4-butanediol, 2-ethanolamine and 1 ,2-propylene diamine are 
more preferably employed. The compounds for the chain extender may be employed alone or in 
a mixture of two or more thereof. 
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[0048] In the polyurethane-forming reaction, the liquid polyethercarbonatediol compound 
may be used in combination with at least one type of aliphatic polycarbonatediol compound 
produced from a aliphatic or cycloaliphatic diol and a carbonate ester compound. The above- 
mentioned aliphatic polycarbonatediol compounds may be employed alone or in a mixture of 
two or more thereof, and is preferably employed in an amount by mass equal to or less than the 
mass amount of the liquid polyethercarbonatediol compound of the present invention. 
[0049] The aliphatic diol compound usable for the production of the polycarbonate diol 
compound usable in combination with the polyethercarbonatediol compound of the present 
invention includes 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,7- 
heptanediol, 1 ,8-octanediol, 1 ,9-nonanediol, 1 , 1 0-decanediol, 2-methyl- 1 ,3 -propanediol, 3- 
methyl-l,5-pentanediol, neopentylglycol, 2-methyl- 1,8-octanediol, 1,4-cyclohexanedimethanol. 
The carbonate compound to be reacted with the above-mentioned aliphatic diol compounds is the 
same as those mentioned hereinbefore. 

[0050] The polyurethane-forming reaction may be carried out in no solvent or in the 
presence of a solvent which is non-reactive to an isocyanate group. In the reaction in the absence 
of solvent, (1) a chain extender is mixed into the liquid polyethercarbonatediol compound, the 
resultant mixture is further mixed with a polyisocyanate compound, and then, the whole amount 
of the resultant reaction mixture is subjected to the reaction; or (2) the liquid 
polyethercarbonatediol compound is reacted with the polyisocyanate compound to prepare a 
prepolymer having isocyanate group, and then the prepolymer is mixed and reacted with a chain 
extender; or (3) the liquid polyethercarbonatediol compound is mixed with a chain extender, the 
resultant mixture is mixed and reacted with a portion of the all amount of the polyisocyanate 
compound to prepare a prepolymer having hydroxyl group, and then the resultant prepolymer- 
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containing mixtures mixed and reacted with the remaining portion of the polyisocyanate 
compound. The non-solvent reaction is preferably carried out at a temperature of 80 to 150°C. 
In the case where a prepolymer is prepared as an intermediate product, the prepolymer which has 
a relatively low molecular weight is heated to polymerize the prepolymer. 
[0051] In the case where the polyurethane-forming reaction is carried out in the presence of a 
solvent, (1) the liquid polyethercarbonatediol compound is dissolved in a solvent, the resultant 
solution is mixed with a chain extender, the resultant mixture was mixed with the polyisocyanate 
compound, and then all of the resultant reaction mixture is subjected to the reaction; or (2) the 
liquid polyethercarbonatediol compound is dissolved in a solvent, the resultant solution is mixed 
and reacted with the polyisocyanate compound to prepare a prepolymer having isocyanate group, 
and the prepolymer is mixed and reacted with a chain extender; or (3) the liquid polyetherdiol 
polyethercarbonatediol compound is dissolved in a solvent, the solution is mixed and reacted 
with a chain extender and a portion of all amount of the polyisocyanate compound to prepare a 
prepolymer having hydroxyl group, then the prepolymer-containing mixture is mixed and reacted 
with the remaining portion of the polyisocyanate compound, to produce the desired 
polyurethane. The solvent preferably comprises methylethylketone, ethyl acetate, toluene, 
dioxane, dimethylformamide or dimethylsulfoxide. 

[0052] In the polyurethane-forming reaction, the liquid polyethercarbonatediol compound 
and the chain extender are preferably employed in a proportion of 0.1 to 10 moles of the chain 
extender per mole of the liquid polyethercarbonatediol compound. The proportion is 
appropriately adjusted in consideration of the properties required to the target thermoplastic 
polyurethane. The polyisocyanate compound is preferably employed in a molar amount 
approximately equal to the total molar amount of the liquid polyethercarbonatediol compound 
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and the chain extender. Particularly, the amount of the chain extender is preferably adjusted so 
that an equivalent ratio of the total equivalent amount of the active hydrogen contained in the 
liquid polyethercarbonatediol compound and the chain extender to the equivalent amount of 
isocyanate group is controlled in the range of from 1:08 to 1:1.2, more preferably, 1:0.95 to 
1:1.05. Also, in the polyurethane-forming reaction, a conventional amine or tin catalyst may be 
employed to promote the reaction. 

[0053] The thermoplastic polyurethane of the present invention produced by the above- 
mentioned methods has molecular terminals which may be any of a hydroxyl group and an 
isocyanate group. The thermoplastic polymethane of the present invention can have a further 
increased molecular weight or a network structure by further reacting with a compound having at 
least two hydrogen atoms reactive to the isocyanate group or a compound having at least two 
isocyanate group. A closs-linkage structure can be introduced into the thermoplastic 
polyurethane of the present invention by further reacting the thermoplastic polyurethane with a 
compound having urethane bond and/or urea bond or a compound having at least three hydrogen 
atoms reactive to the isocyanate group. Further, the thermoplastic polyurethane may employed 
in combination with a conventional additive unless the combination hinders the effect of the 
present invention. 
Examples 

[0054] The present invention will be further explained by the following examples and 
comparative examples. 

(I) The properties of the polyetherdiol compounds and the liquid polyethercarbonatediol 
compounds were subjected to the following measurements. 

1 . Hydroxyl value (OH value (mgKOH/g)) 
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[0055] The sample for measurement was subjected to a hydroxyl value measurement in 
accordance with JIS K 1557 and the OH value of the sample was calculated in accordance with 
the following equation: 

OH value (mgKOH/g) = 28.05 (B - A) f/s 
wherein S represents an amount (in g) of the sample, A represents a necessary amount (in ml) of 
an aqueous solution of 0.5 N potassium hydroxide to the titration of the sample, 

B represents a necessary amount (in ml) of the 0.5 N potassium hydroxide aqueous 
solution to the control test titration, and f represents a factor of the 0.5 N potassium hydroxide 
aqueous solution. 

2. Number average molecular weight (Mn) 

[0056] The Mn was calculated in accordance with the following equation: 
Mn=112200/OH value 

3. Average addition molar amount (n, m) 

[0057] The average addition molar amount (n) of ethyleneoxide and the average addition 
molar amount (m) of propyleneoxide in the compound were calculated in accordance with the 
following equation: 

Mn = 44m + 58n + 14x + 34 
wherein Mn represents a number average molecular weight of the compound, and x represents 
the number of methylene groups, represented by R in the structural units (a). 

4. Acid value (mgKOH/g) 

[0058] The acid value of the compound was calculated in accordance with the following 
equation: 

Acid value (mgKOH/g) = 5.61(C - D)f/s' 
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wherein s' represents the amount (g) of the sample subject to the measurement, C represents the 
necessary amount (ml) of 0.1 N potassium hydroxide aqueous solution to the titration of the 
sample, D represents the necessary amount (ml) of 0.1 N potassium hydroxide aqueous solution 
to the control test titration, and f represents a factor of the 0.1 N potassium hydroxide aqueous 
solution. 

5. Glass transition temperature (Tg (°C)) 

[0059] The glass transition temperature of the compound was determined by using a 
differential scanning calorimeter (made by Shimazu Seisakusho, Model: DSC-50) in a nitrogen 
gas atmosphere at a temperature increasing rate of 10°C/minute. 

6. Viscosity (Pa-sec) 

[0060] The viscosity of the sample was determined by using a E-rotational viscometer (made 
by Tokyo Keiki) at a temperature of 75°C. 

(II) The properties of the thermoplastic polyurethane was determined by the following 
measurements. 

1. Tensile properties 

[0061] A specimen of the polyurethane was subjected to a tensile measurement in 
accordance with JIS K 731 1, using a tensile strength tester (made by Orientec, model: Tensilon 
(trademark) UCT-5T) at 23°C at 50%RH, and from the resultant data, the initial modulus tensile 
stress at elongation of 100%, 200% and 300% tensile strength and ultimate elongation of the 
specimen were calculated. 

2. Glass transition temperature (Tg) 

[0062] A specimen was subjected to a dynamic elastic property test using a dynamic elastic 
property tester (made by Rheometrix, model: RSA II) at a frequency of one Hz, at a strain of 
0.05% at a temperature in the range of from -100 to +200°C, in a tensile mode, and from the 
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resultant data, a peak temperature at which the loss elastic modulus reached a peak was 
determined. The Tg is represented by the temperature at peak. 

3. Permanent elongation 

[0063] A specimen having a pair of marks spaced 20 mm (Lo) from each other was subjected 
to a tensile measurement using a tensile strength tester (made by Orientec, trademark Tensilon 
UCT-5T) at 23°C at 50% RH, in accordance with JIS K 731 1. 

[0064] The specimen was elongated to a length of l A of the ultimate length at which the 
specimen was broken and held at this length for 10 minutes. Then, the specimen was allowed to 
rapidly shrink without bouncing at a returning rate of 500 mm/minute, then the shrunk specimen 
was removed from the specimen-chucks of the tester and left to stand for 10 minutes. The length 
L between the pair of masks on the specimen was measured. 

[0065] The permanent elongation of the specimen was calculated in accordance with the 
following equation: 

(L - Lo) 

Permanent elongation (%) = x 100 

Lo 

4. Hysteresis loss 

[0066] A long rectangular specimen having dimensions of 5 mm x 100 mm was subjected to 
a tensile measurement using a tensile strength tester (made by Orientec, trademark: Tensilon 
UCT-5T) at 23°C at 50%RH. The long rectangular specimen was held between a pair of 
chuncks spaced 40 mm from each other and elongated at a tensile rate of 10 mm/minute to a 
length of 150% based on the original length, and then immediately allowed to shrink at the same 
rate as mentioned above. The hysteresis loss of the specimen was calculated in accordance with 
the following equation: 
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Hysteresis Loss (%) 

(Area surrounded by elongation - shrinkage curve) 

= 2 x 100 

(Area surrounded by the original stress - strain curve) 

5 . Weathering resistance 

[0067] A specimen was prepared and subjected to a weathering test in accordance with JIS K 
7350-4. The specimen was placed in a sunshine weather meter (made by Suga tester K.K., 
trademark: Sunshine Super Long Life Weather Meter WEL-SUN-HC-H) and exposed to an 
open flame carbon are lamp under an arc voltage of 50V at an arc amperage of 60A at a black 
panel temperature of 63 °C and a relative humidity of 50% for 100 hours. During the test, 100 
cycles of a water spray treatment was applied. In each cycle, a water-spray was carried out for 
12 minutes and then interrupted for 48 minutes. After the test was completed, the resultant 
specimen was subjected to the measurement of the tensile strength and the ultimate elongation, 
and retentions in the tensile strength and the ultimate elongation, based on the original tensile 
strength and ultimate elongation of the specimen were calculated. 
Example 1 

[Preparation of a polyetherdiol compound] 

[0068] A polyetherdiol (1) which was an addition reaction product of 1,3 -propanediol with 
ethyleneoxide in an average amount of 1.27 moles per mole of 1,3-propanediol, was prepared in 
accordance with the method disclosed in Japanese Unexamined Patent Publication No. 
10-36499. The properties of this polyetherdiol compound (1) are shown in Table 1. 
[Production of a liquid polyethercarbonatediol compound] 

[0069] A glass reactor equipped with a stirrer, thermometer, a distillation column (having a 
fractional distillation tube, a reflux head and condenser arranged in a top portion of the column, 
and having a capacity of one liter, was charged with 304g (2.30 moles) of the polyetherdiol (I), 
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226g (2.51 moles of dimethyl carbonate made by Ube Industries Ltd. and 0.0790g (0.232 milli 
mole) of tetra-n-butoxytitanium, and the resultant reaction mixture was heated to a temperature 
of 160°C and held at this temperature for 2 hours. Then, the reaction mixture was gradually 
heated to a temperature 170°C over a time of 6.5 hours while distilling and removing a mixture 
of methyl alcohol with dimethyl carbonate from the reaction system, and thereafter while the 
temperature of the reaction system was held at 190°C, the mixture of methyl alcohol with 
dimethyl carbonate was further removed under a pressure of 40 kPa (300 mmHg) over a time of 
0.5 hour and then under a pressure of 13.3 kPa (100 mmHg) over a time of 3 hours, by distilling. 
Then the reaction mixture was subjected to a reaction under a pressure of 253 to 26.7 Pa (1.9 to 
0.2 mmHg) over a time of 4.5 hours while removing polyetherdiol by distilling, to provide a 
liquid polyethercarbonatediol compound having a hydroxyl value of 50.6 mgKOH/g. 
[0070] This polyethercarbonatediol compound is mixed with 2.1 lg (0.0160 mole) of the 
polyetherdiol (I) and the resultant mixture was stirred at a temperature of 185°C under a pressure 
of 26.9 kPa (200 mmHg) for two hours to control the molecular weight of the liquid 
polyethercarbonatediol compound; and then the dibutyl phosphate was added in a molar amount 
equal to that of the catalyst into the reaction mixture, and the resultant mixture was stirred at 
130°C under a pressure of 13.3 kPa (100 mmHg) for 2 hours to deactivate the catalyst. The 
finally obtained liquid polyethercarbonatediol compound (A) had the properties shown in Table 
2. 

[Production of a thermoplastic polyurethane] 

[0071] In a glass reactor equipped with a stirrer, a thermometer and a cooling pipe and 
having a capacity of 1 liter, 50g (0.0261 mole) of the liquid polyethercarbonatediol (A) and 
13.05g (0.0522 mole) of 4,4 , -diphenylmethanediisocyanate were completely dissolved in 1 12g of 
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dimethylformamide at 60°C, then the resultant solution was subjected to a reaction at 80°C for 2 
hours. Then, the reaction liquid was added with 0.1 87g (0.0026 mole) of n-butylamine and 20g 
of dimethylformamide, the resultant reaction liquid was subjected to reaction at room 
temperature for 1.4 hours. 

[0072] Then the resultant reaction liquid was mixed with 1.84g (0.0249 mole) of 1,2- 
propylenediamine and 20g of dimethylformamide, and the resultant reaction mixture was 
subjected to a reaction at 3°C for 5 minutes, to prepare a prepolymer having a hydroxyl group 
and an isocyanate group located at both the terminals of the molecule, respectively. 
[0073] The temperature of the prepolymer solution was adjusted to room temperature to 
further proceed the polymethane-forming reaction. 

[0074] The viscosity of the prepolymer solution increased with the progress of the reaction, 
thus, the viscosity of the solution was measured at intervals of one hour by using a E type 
viscometer, and the reaction was stopped at a stage of 4.5 hours after the start of the reaction at 
which stage substantially no increase in viscosity of the solution appeared. The final viscosity of 
the solution was 51.2 Pa-s at 40°C. The resultant solution of the thermoplastic polymethane was 
heated to a temperature of 60°C, and then the heated solution was casted on a releasing glass 
plate, and heat-treated at 70°C for one hour then at 120°C for 2 hours, to provide a thermoplastic 
polyurethane film having a thickness of about 200 ^m. The properties of the film are shown in 
Tables 3 and 4. 
Example 2 

[Production of thermoplastic polyurethane] 

[0075] In the same reactor as used in Example 1, 60g (0.0313 mole) of the liquid 
polyethercarbonatediol compound (A) and 3.384g (0.0375 mole) of 1,4-butanediol were 
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completely dissolved in 188g of dimethylformaide at a temperature of 60°C. From the resultant 
solution, a portion thereof in an amount of about lg was withdrawn by an injector and subjected 
to a measurement of water content using a Karl Fischer water content meter. The, 4,4'-diphenyl- 
methanediisocyante in an amount of 17.22g (0.0688 mole) was mixed into the solution as 
mentioned above, so that the molar amount of the 4,4 , -diphenylmethanediisocyante became 
equal to the total molar amount of the liquid polyethercarbonatediol (A), 1 ,4'-butanediol and 
water in the resultant reaction mixture. Then, the temperature of the reaction mixture was 
adjusted to 80°C to start heating and reaction of the mixture and 9 hours after the start of the 
reaction, at which stage substantially no increase in viscosity of the reaction mixture occurred, 
the reaction procedure was stopped. The final viscosity of the reaction mixture was 44.0 Pa-sec 
at a temperature of 40°C. 

[0076] The properties of the resultant thermoplastic polyurethane were determined by the 
same measurements as in Example 1. The measurement results are shown in Table 3. 
Example 3 

[Production of thermoplastic polymethane] 

[0077] A thermoplastic polymethane was produced by the same procedures as in Example 2, 
except that 1,4-butanediol was used in an amount of 5.077g (0.0563 mole), dimethylformamide 
was employed in an amount of 20 lg, and the 4,4 , -diphenylmethanediisocyante was employed in 
an amount of 21.92g (0.0876 mole) so that the molar amount of 4,4'-diphenylmethanediisocyante 
became equal to the total molar amount of the liquid polyethercarbonatediol (A), 1 ,4'-butanediol 
and water in the reaction mixture. The final viscosity of the reaction mixture was 45.1 Pa-sec at 
a temperature of 40°C. The properties of the resultant thermoplastic polyurethane film were 
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determined by the same measurements as in Example 1. The measurement results are shown in 
Table 3. 
Example 4 

[Preparation of a polyetherdiol compound] 

[0078] A polyetherdiol (II) which was an addition reaction product of 1,5-pentanediol with 
ethyleneoxide in an average amount of 1.02 moles per mole of 1,5-pentanediol, was prepared by 
the same procedures as in Example 1. 

[0079] The properties of this polyetherdiol compound (II) are shown in Table 1. 
[Production of a liquid polyethercarbonatediol compound] 

[0080] A liquid polyethercarbonatediol (B) was produced by the same procedures as in 
Example, except that the polyetherdiol (I) was replaced by 343g (2.30 moles) of the 
polyetherdiol (II) as mentioned above, to provide a liquid polyethercarbonatediol compound 
having a hydroxyl value of 47.2 mgKOH/g. 

[0081] The resultant liquid polyethercarbonatediol compound was mixed with 3.68g (0.023 
mole) of polyetherdiol (II) to control the molecular weight of the liquid polyethercarbonatediol 
compound in the same manner as in Example 1, and then the catalyst was deactivated in the 
same manner as in Example 1 . The obtained liquid polyethercarbonatediol compound (B) had 
the properties shown in Table 2. 
[Production of a thermoplastic polyurethane] 

[0082] In the glass reactor as in Example 1, 50g (0.0254 mole) of the liquid 
polyethercarbonatediol (B) and 12.50g (0.0500 mole) of 4,4-diphenylmethanediisocyanate were 
completely dissolved in HOg of dimethylformamide at 60°C, then the resultant solution was 
subjected to a reaction at 80°C for 2 hours. Then, the reaction liquid was added with 0.1 80g 
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(0.0025 mole) of n-butylamine and 20g of dimethylformamide, the resultant reaction liquid was 
subjected to reaction at room temperature for 1.4 hours. Then the resultant reaction liquid was 
mixed with 1.79g (0.0242 mole) of 1 ,2-propylenediamine and 20g of dimethylformamide, and 
the resultant reaction mixture was subjected to a reaction at 3°C for 5 minutes, to prepare a 
prepolymer having a hydroxyl group and an isocyanate group located at both terminals of the 
molecule, respectively. 

[0083] The temperature of the prepolymer solution was adjusted to room temperature to 
further proceed to the polymethane-forming reaction in the same manner as in Example 1 . 
[0084] The temperature of the prepolymer solution was adjusted to room temperature, and 
the reaction of the prepolymer was carried out in the same manner as in Example 1 . At a stage 
of 4.5 hours after the start of the reaction, at which stage the increase in the viscosity of the 
polymer solution became about zero, the reaction procedure was stopped. The final viscosity of 
the polymer solution was 42.0 Pa-sec at a temperature of 40°C. The properties of the resultant 
thermoplastic polyurethane film were determined by the same measurements as in Example 1. 
The measurement results are shown in Table 3. 
Example 5 

[Production of thermoplastic polyurethane] 

[0085] In the same reactor as used in Example 1, 50g (0.0254 mole) of the liquid 
polyethercarbonatediol (B) and 12.70g (0.0508 mole) of 4,4 , -diphenylmethane diisocyante were 
completely dissolved in 130g of dimethylformamide at a temperature of 60°C. The resultant 
solution was subjected to a reaction at a temperature of 80°C for 2 hours. The resultant solution 
was mixed with 1.55g (0.0254 mole) of 2-ethanolamine and 20g of dimethylformamide, then the 
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resultant reaction mixture was subjected to a reaction at room temperature for 2.1 hours, to 
provide a prepolymer having hydroxyl groups located at both terminals of the prepolymer. 
[0086] After the prepolymer solution was left to stand at room temperature for 20 minutes, 
the temperature of the prepolymer solution was adjusted to 80°C, and then the prepolymer 
solution was further subjected to a reaction in the same manner as in Example 2. At 10 hours 
after the start of the reaction substantially no increase in viscosity of the reaction mixture was 
found and the reaction was stopped. The final viscosity of the reaction mixture was 38.0 Pa-sec 
at 40°C. The properties of the resultant thermoplastic polyurethane film were determined by the 
same measurements as in Example 1. The measurement results are shown in Table 3. 
Comparative Example 1 
[Preparation of polyetherdiol] 

[0087] A polyetherdiol (III) which was an addition reaction product of 1,6-hexanediol with 
ethyleneoxide in an average amount of 1.27 moles per mole of 1,6-hexanediol was prepared by 
the same procedures as in Example 1. The properties of the polyetherdiol (HI) are shown in 
Table 1. 

[Production of liquid polyethercarbonatediol] 

[0088] A liquid polyethercarbonatediol having a hydroxyl value of 47.2 mgKOH/g was 
produced by the same procedures as in Example 1, except that the polyetherdiol (I) was replaced 
by the polyetherdiol (III) in an amount of 400g (2.30 moles.) The resultant 
polyethercarbonatediol was mixed with 4.00g (0.023 mole) of polyetherdiol (HI) and further 
subjected to a reaction in the same manner as in Example 1 to control the molecular weight of 
the product, and the catalyst was deactivated in the same matter as in Example 1. The resultant 
liquid polyethercarbonatediol (C) had the properties as shown in Table 2. 
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[Production of thermoplastic polyurethane] 

[0089] In the same reactor as that used in Example 1, 50g (0.0251 mole) of the liquid 
polyethercarbonatediol (C) and 12.56g (0.0502 mole) of 4,4'-diphenylmethanediisocyanate were 
completely dissolved in HOg of dimethylformamide at 60°C, and the resultant solution was 
subjected to a reaction at 80°C for 2 hours. Then the resultant solution was mixed with 0.1 80g 
(0.0025 mole) of n-butylamine and 20g of dimethylformamide and the resultant reaction mixture 
was subjected to a reaction at room temperature for 1.4 hours. Then the resultant reaction 
mixture was further mixed with 1.76g (0.0238 mole) of 1 ,2-propylenediamine and 20g of 
dimethylformamide, and the resultant mixture was subjected to a reaction at a temperature of 
3°C for 5 minutes, to provide a prepolymer having a hydroxyl group and an isocyanate group 
located at both the terminals of the molecule, respectively. 

[0090] The temperature of the prepolymer solution was adjusted to room temperature and 
then the prepolymer solution was subjected to a reaction in the same manner as in Example 1. 
The reaction was stopped at a stage of 4.5 hours after the start of the reaction, at which stage 
substantially no increase in viscosity of the reaction mixture was found. Finally, the resultant 
solution exhibited a viscosity of 43.9 Pa-sec at 40°C. The properties of the resultant 
thermoplastic polyurethane film were determined by the same measurements as in Example 1 . 
The measurement results are shown in Tables 3 and 4. 
Comparative Example 2 
[Production of thermoplastic polyurethane] 

[0091] In the same reactor as that used in Example 1, 50g (0.0251 mole) of the liquid 
polyethercarbonatediol (C) and 12.57g (0.0503 mole) of 4,4-diphenylmethanediisocyanate were 
completely dissolved in 139g of dimethylformamide at 60°C, and the resultant solution was 
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subjected to a reaction at 80°C for 2 hours. Then the resultant solution was mixed with 1.53g 
(0.0251 mole) of 2-ethanolamine and 20g of dimethylformamide and the resultant reaction 
mixture was subjected to a reaction at room temperature for 2.1 hours, to provide a prepolymer 
having hydroxyl groups located at both terminals of the molecule. 

[0092] The resultant prepolymer solution was left to stand at room temperature for 20 
minutes and then the temperature of the prepolymer solution was adjusted to a temperature of 
80°C and then the prepolymer solution was subjected to a reaction in the same manner as in 
Example 2. The reaction was stopped 1.0 hours after the start of the reaction, at which stage 
substantially no increase in viscosity of the reaction mixture was found. Finally, the resultant 
solution exhibited a viscosity of 36.1 Pa-sec at 40°C. The properties of the resultant 
thermoplastic polyurethane film were determined by the same measurements as in Example 1 . 
The measurement results are shown in Table 3. 
Comparative Example 3 
[Preparation of polyetherdiol] 

[0093] A polyetherdiol (IV) which was an addition reaction product of 1,6-hexanediol with 
propyleneoxide in an average amount of 1.76 moles per mole of 1,6-hexanediol was prepared by 
the same procedures as in Example 1. The properties of the polyetherdiol (IV) are shown in 
Table 1. 

[Production of liquid polyethercarbonatediol] 

[0094] In the same reactor as that used in Example 1, 440g (2.00 moles) of polyetherdiol 
(IV), 185g (2.06 moles) of dimethylcarbonate and 0.0881g (0.259 mmoles) of tetra-n- 
butoxytitanium (catalyst) were placed and the resultant mixture was held at a temperature of 
160°C for 3 hours while refluxing. Then the temperature of the reaction mixture was increased 
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to 190° over a time of 13 hours, while distillation-removing a mixture of methyl alcohol with 
dimethyl carbonate, and 10 hours after the start of the temperature increase, an additional amount 
of 0.088 lg (0.259 mmole) of the catalyst was mixed with the reaction mixture. Then, while 
maintaining the temperature of the reaction mixture at 190°C, the mixture of the methyl alcohol 
with dimethyl carbonate was removed from the reaction mixture of distillation under a pressure 
of 13.3 kPa (100 mmHg) over a time of 3 hours. Then the reaction mixture was subjected to 
reaction under a pressure of 587 to 493 kPa (4.4 - 3.7 mmHg) over a time of 1 1 hours while 
removing polyetherdiol by distillation, to provide a liquid polyethercarbonatediol having a 
hydroxyl value of 56.6 mgKOH/g. The catalyst in the reaction mixture was deactivated in the 
same manner as in Example 1 . The finally obtained liquid polyethercarbonatediol (D) had the 
properties as shown in Table 2. 
[Production of thermoplastic polyurethane] 

[0095] In the same reactor as in Example 1, 60g (0.0297 mole) of the liquid 
polyethercarbonatediol, 5.35g (0.0594 mole) of 1,4-butanediol and 0.01 7g (0.05 mmole) of tetra- 
n-butoxytitanium were completely dissolved in 204g of dimethylformamide at 60°C, and then 
into the resultant solution, 25.43g (0.1016 mole) of 4,4 f -diphenylmethanediisocyanate were 
mixed in the same manner as in Example 2. Then the resultant solution was subjected to a 
reaction in the same manner as in Example 2. The reaction was stopped 7 hours after the start of 
the reaction at which stage substantially no increase in viscosity of the reaction solution 
appeared. The final viscosity of the reaction solution was 4.4 Pa-sec at 40°C. 
[0096] The properties of the resultant thermoplastic polyurethane film were determined by 
the same measurements as in Example 1. The measurement results are shown in Table 3. 
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Comparative Example 4 

[Production of thermoplastic polyurethane] 

[0097] In the same reactor as that used in Example 1, 50g (0.0251 mole) of 
polytetramethyleneglycol (made by HODOGAYA KAGAKU KK, molecular weight of: 1989) 
and 12.56g (0.0502 mole) of 4,4'-diphenylmethanediisocyanate were completely dissolved in 
HOg of dimethylformamide at 60°C, and the resultant solution was subjected to a reaction at 
80°C for 2 hours. Then the resultant solution was mixed with 0.1 80g (0.0025 mole) of n- 
butylamine and 20g of dimethylformamide and the resultant reaction mixture was subjected to a 
reaction at room temperature for 1.4 hours. Then the resultant reaction mixture was further 
mixed with 1.76g (0.0238 mole) of 1,2-propylenediamine and 20g of dimethylformamide, and 
the resultant mixture was subjected to a reaction at a temperature of 3°C for 5 minutes, to 
provide a prepolymer having a hydroxyl group and an isocyanate group located at both the 
terminals of the molecule, respectively. 

[0098] The temperature of the prepolymer solution was adjusted to room temperature and 
then the prepolymer solution was subjected to a reaction in the same manner as in Example 1. 
The reaction was stopped at a stage of 4.5 hours after the start of the reaction, at which stage 
substantially no increase in viscosity of the reaction mixture was found. Finally, the resultant 
solution exhibited a viscosity of 39.4 Pa-sec at 40°C. The properties of the resultant 
thermoplastic polyurethane film were determined by the same measurements as in Example 1 . 
The measurement results are shown in Tables 3 and 4. 
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Table 1 







Polyetherdiol 






Type 


Structural 


n,m 


Mn 


OH value 


Acid value 


Example No. 






Units 






(mgKOH/g) 


(mgKOH/g) 


Example 


1 


I 


(al),(b) 


(n) 1.27 


132 


850 


0.036 




4 


11 1 


(a2),(b) 


(n) 1.02 


149 


753 


0.027 


Comparative 


1 


III 


(a3),(b) 


(n) 1.27 


174 


644 


0.007 


Example 


3 


IV 


(*3),(c) 


(m) 1.76 


220 


510 


0.158 



[Note] Structural units: (al)-(CH 2 ) 3 0-, (a2)-(CH 2 ) 5 0-, 

(a3)-(CH 2 ) 6 0-,(b)-(CH 2 ) 2 0-, 
(c)-CH(CH 3 )CH 2 0- 

n: Average molar amount of structural units (b) per mole of structural units (a) 
m: Average molar amount of structural units (c) per mole of structural units (a) 



Table 2 



Example No. 


Type of 
poly- 
ether- 
diol 


Polyethercarbonatediol 


Type 


OH value 
(mgKOH/g) 


Acid value 
(mgKOH/g) 


Mn 


Tg 
(°C) 


Viscosity 
(Pa-sec) 


Example 


*1 


I 


A 


58.6 


0.031 


1915 


-52.1 


0.924 


*4 


II 


B 


57.0 


0.020 


1968 


-54.7 


0.552 


Comparative 
Example 


*1 


III 


C 


56.3 


0.032 


1991 


-62.4 


0.658 


*3 


IV 


D 


55.5 


0.132 


2021 


-56.0 


0.404 
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Table 4 







Weather resistance 


Example No. 




Tensile strength 
retention 

(%) 


Ultimate elongation 

retention 

(%) 


Example 


1 


70 


50 


Comparative 


1 


65 


25 


Example 


4 


12 


5 



[0099] In view of the examples and comparative examples shown above, when the liquid 
polyethercarbonatediols of the present invention and the conventional polyetherdiol compounds 
having the same molecular weight as each other are compared with each other, the liquid 
polyethercarbonatediols of the present invention have a low viscosity and a low glass transition 
temperature compared to the conventional polyetherdiol compounds, the thermoplastic 
polyurethanes prepared from the polyethercarbonatediol of the present inventions have a low 
glass transition temperature similar to that of the conventional thermoplastic polyurethanes and a 
clearly higher ultimate elongation than that of the conventional polymethane. Also, the 
thermoplastic polyurethanes produced from the polyethercarbonatediols of the present invention 
exhibit satisfactory flexibility and stretchability. Further the thermoplastic polyurethanes 
produced from the liquid polyethercarbonatediols of the present invention exhibit a very high 
weather resistance in comparison with that of the thermoplastic polyurethane produced from the 
conventional polyetherdiol compounds. 
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INDUSTRIAL UTILIZ ABILITY 

[0100] The liquid polyethercarbonatediol of the present invention is useful as a material for 
production of polymethanes, polyesters, etc., and usable as a polymeric modifier and a polymeric 
plasticizer. Also, the thermoplastic polyurethane of the present invention is useful as a material 
for the production of thermoplastic elastomers, elastic fibers and artificial leathers. 
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